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@ Expandabta transluminal graft prosthasls for rapalr of anauiysm and method for Implanting. 

@ A transluminal grafting system for grafUng a 
prosthesis (1.12) to the wal (2) of a lumen 
indudes a tubular graft (1) pnovlded with spring 
assemblies (12) and anchoring bart)s (205). The 
pTDSthesis is mounted on an apertured tubular 
cam«r (21) and a cantrai cortrol means (26) b 
inserted into the bora of the epertured carrier. 
Moofing bopa (36) ere attached to the proa- 
thesis, pasa through the apefturea (29) of the 

tubular carrier, end erigage the central control 

means. An Introducer sheath covers the system 
for smooth insertion Into a lumen. When the 
graft has been positioned, the central control 
means maintains the axial position of the pros- 
thesis. When the inkodueer sHeath (4) is pulled, 
the presthesis is exposed aiid the spring as- 
semblies rehjm to an expanded state and 
anchor the graft against the iatemal waO of the 
lumen. 
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The invention relates to an arrangement for per- 
cutaneousty positioning e graft within a lumen. 

The atxJomina) aorta is prone lo aneurysmal 
tation t>ewtBen the renal and iliac arteries, and is oc 
casionally unable to withstand arterial pressures so 
that dilation tends to progress to a point where rup- 
ture is likely. Highly invasive conventional repair such 
as descrii>ed in U.S. Patent No.3.657.744 is expen- 
sive and life threatening. The Invention, however, is 
not limited to aortic aneurysm repair and has applica- 
tions in a variety of sihjations In which corporeal lu- 
men repab* Is required. 

There ^e several devices already existing which 
are stated to be useful (or the remote repair of corpor- 
eal lumens, such as described in U.S. Patent 
No.4.51 2.336. (Baiko etal). The exact position of both 
ends of the prostheses b very important due to the 
proximity of vital arteries to the ends of the aneurysm, 
and the condition of the lumen at the points of attach- 
ment 

U.S. Patent No.4,140.126. (Choudhury). disclo- 
ses another device for repairing an aneurysm. 

U.S. Patent No.4.787,a99, (Lmarus), desaribes 
another system for positioning a graft within a body 
lumen. 

The report. 'Percutaneously Placed Endovascu- 
tar Grafts for Aortic Aneurysms: Feasibility Study*, 
from the Department of Olegnostic Radiology, Uni- 
versity of Texas M.D. Anderson Cancer Center, print- 
ed inl 70 Radiology 1033-37 (1989). deals with a self- 
expanding graft consisting of several stents connect- 
ed in a chain. In the feasibility study, there Is descri- 
bed an arrangement in which a prosthesis is pushed 
into a tubular outer sheath by a blunt tipped wire. 
When the outer sheath is removed, the wire is held 
tight on the proximal end of the assembly and that 
has the effect of expanding and/or butiding the pros- 
thesis within the sheath. That makes withdrawal of 
the sheath difficult, and it also has the effect of mov- 
ing the prosthesis out of angnmenl from Its desired lo- 
catk>n. 

Endovascular repair of abdominal aortic aneur- 
ysm avoids much of the mort>{djty and mortality asso- 
ciated with conventional surgery. Most patients with 
abdominal aortic aneurysm lack a segment of non-di- 
lated aorta suitable for attachment of the down stream 
(caudal) end of a straight (single-lumen) endovascu- 
lar graft In these patients a more secure outflow is 
provided by attaching the two caudal ends of a bifiir- 
cated graft to the Oiac arteries. 

The caudal enda of bifurcated grafts cannot ex- 
tend to the sites of arterial access in the groin without 
impairing Internal Dlac arterial flow, which is an Impor- 
tant source of spinal and colonic perfusion efter aortic 
aneurysm repak. Therefore, direct control of the cau> 
dal ends of bifurcated grafts is not possible, resulting 
in a tendency to kinking, twisting and displacement, 
all of which have complicated previous attempts to ap- 



ply this approach. The devices and techniques descri- 
bed below provide a means of accurate, hemostatic 
and permanent insertion of a bifurcated graft, with 
provision for the prevention of correction of these po- 
5 tential complications. 

According to the present invention, there is pro- 
vided an arrangement as defined In daim 1. 

The invention provides a coupling between a phjr- 
ality of spring expanding assemblies that provides a 
10 relatively flexible prosthesis during Insertbn. a rela- 
tively rigid prosthesis after attachment, and also 
maintains the alignment of the springs when the pros- 
thesis is compressed by an extruskm device appKed 
to one end. 

IS One emt>odiment of the present Inventioo pro- 
vides a flexible spring alignment and compression re- 
sistance assembly comprising a first and second 
spring expa ruling assemt>ly each having a plurality of 
apertures; a plurality of retaining shafts each having 
20 a first end and a second end. the shafts having a di- 
ameter equal to or smaUer than the apertures of the 
first and second sprir)g expanding assemblies, the 
first end of each of the retaining shafts slideably in- 
serted into one of the apertures of the first spring ex- 
25 panding assembly and the second end of each of the 
retaining shafts slideably Inserted Into one of the 
apertures of the second spring expanding assembly, 
a first protrusion attached to each of said first ends 
and a second prob-usion attached to each of saki seo- 

30 ond ends, the protrusions larger than the apertures 
of the first and the second spring expanding assem- 
blies to prevent the protrusions fh>m passing through 
the apertures. 

Another embodin)ent provides a flexible spring 

35 alignment and compression resistance assembly 
comprising a first spring expanding assembly having 
a plurality of apertures; a second spring expanding 
assembly; a plurality of retaining shafts each having 
a first end and a second end. the shafts having a d^ 

40 ameter equal to or smaller than the apertures of the 
first spring expanding assembly, the first end of each 
of the retaining shafts slideably inserted into one of 
the apertures of the first spring expanding assembly 
and the second end of each of the retaining shafts al- 

45 lached to the second spring expanding assembly, a 
protrusion attached to each of sakJ first ends, the pro- 
trusions larger than the aperhires in the first spring 
expanding assembly to prevent the protrusions from 
passing through the apertures. 

50 In certain embodiments of the invention, the re- 
labiing means is an elongated member extending 
within the prosthesis and one or more connections 
are made between the elongated member and the 
springts) and/or graft of the prosthesis. It is prefer- 

55 able for each connectbn to be made to the prosthesis 
at a k>cation which is well spaced from the proximal 
end of the member. In that way, during the removal 
of the sheath, the reacttonary force on the said menv 



2 



3 



EP0 539 237 A1 



4 



bar will b6 applied towards the distal end of the pros- 
thesis, and the expansion and dtetortlon effects men- 
tioned above In the Glanturco reference, wiD conse- 
quently be avoided. 

The foregoing problems are also solved and an- s 
other technical advance is achieved by an illustiative 
transluminal arrangement for positioning a prosthesis 
assembly in a particular bifurcated lumen. The bifur- 
cated lumen Includes, for example, the main lumen of 
the aorta and the branch lumens of the common 0iac io 
arteries. An eneurysm is commonly found in the aorta 
just proximel the branching of the common Oiac arter- 
ies. A prosthesis assembly for positioning tn the 
aneurysm of the bihircated lumen includes a blfUrcat- 
ed endovascuiar graft having a main body and first is 
and second limbs extending therefrom. The assembly 
also includes main and branch limb spring assemblies 
each having a compresses state. The main bore 
spring assembly radially expands to substantially 
conform the main body of the graft to the interior wall 20 
of the aortal lumea The ipsQateral and contralateral 
limb spring assemblies radially expand to conform 
the limbs of the graft to the Interior walls of the branch 
lumens of the Ipsflateiai and conbalateral iliac arter- 
ies. The transluminal arrangement bomprises con-. 25 
tainers such as sheaths for containing each of the • 
spring assemblies in a compressed state and a retain* 
er assembly positioned in the main and ipsllatBFBl 
tKires of the graft for retaining the prosthesis assem- 
bly at the aneurysm in the bifurceted lumen while the 30 
main outer sleeve is withdraw from the prosthesis as- 
sembly, thereby releasing the main spring assembly 
from its compressed state. Branch limb retainer 
means attached to the ipsiateral and contralateral 
spring assemlies retain these spring assemblies in re- 35 
spectlve container sheaths. 

The main container indudes an outer sheath with 
a longitudinal bore wherein the prosthesis assembly 
is positioned. The ipsSateral end contralateral con- 
tainers each Include a sheath with a longitudinal bore 40 
wherein the ipsOateral and contralateral spring as- 
semblies are positioned and contained In their com- 
pressed state. 

The main retainer assembly of the transluminal 
arrangement comprises an elongated member hav- 45 
ing 8 dBator head at the distal end thereof, a main at- 
tachment assembly for tefnporarily attaching the main 
spring assembly to the elongated memt»er and a 
branch Itmb attachment assembly for temporarily at- 
taching the branch limb spring assembly to the elon- so 
gated member. An inner catheter is positioned 
through the elongated member for releasing at least 
one of the main and IpsOateral attachment assemblies 
either during or alter removal of the main and fiist 
sheaths. A control limb delivery catheter forms a sec- 55 
ond release assemly, which is temporarily attached to 
the contralateral spring assembly with an attachment 
suhjre extending therethrough for releasing the con- 



tralateral spring assembly when positioned in the 
contraleteral common Oiac artery. 

The main and IpsHateral attachntent assemblies 
each comprise attachment sutures for temporarily 
pulling the main and ipsDateral spring assemblies lr>- 
wardly to their compressed state when the prosthesis 
assembly is positioned wHhIn the main sheath. 

The transluminal arrangement also indudes a 
method of positioning the prosthesis assembly at the 
aneurysm in the bifurcated lumen. The method In- 
dudes providing cross access to the branch lumens 
and Inserting^-cross femoral wire guide between the 
branch access sites. The transluminal arrangement Is 
positioned in the bifurcated lumen via the Ipsitateral 
access site. The outer sheath Is withdrawn from Che 
prosthesis assembly and the contralateral lift is posi- 
tioned with the aid of the cross femoral guide pulling 
the control limb delivery catheter of the transluminal 
arrangement The attachment sutures are released 
from the prosthesis assembly when positioned at the 
aneurysm in the bifuroated lumen allowing the nnaln 
spring assembly to radially expand and conform the 
graft to the aorta. The branch limb containers of the 
transluminal arrangement are also withdrawn from 
the branch spring assemblies which then radially ex- 
pand the ipsaateral and contralateral rimbs of the 
graft to the common Oiac arteries so as to advanta- 
geously prevent retrograde flow of blood bade to the 
aneurysm. Similarly, the main spring assembly cort- 
forms the cranial orifice of the main body of the graft 
to the wan of the aorta preventing antegrade flow of 
blood into the aneurysm. 

Brief description of the drawings 

FIG.1 is a side view of a hibular graft of an enn- 
bodiment; 

F1G.2 is a side view of a spring expanding assem- 
bly of the embodiment 

FIG.3 is a top cross-sectional view of a spring ex- 
panding assembly shown in FIQ.2 taken along A- 
A; 

FiG.4 Is a top cross-secliona! view of a spring ex- 
panding assembly shown in FIG.2 taken along B- 
B; 

Fi6.S is a side view of alternatlvB elbows of the 
spring expanding assembly of another embodi- 
ment; 

FIG.6 shows a spring expanding assembly (with 
a barb attached) sutured to the graft; 
FIG.7 is a side view of a flexible spring alignment 
and compression resistance assembly; 
FI6.6 shows the elbow and retaining bar of the 
flexible spring alignment and compression resis- 
tance assembly of RG.7; 
FIGS.&-A and 9-B are longitudinal cross- 
sedional views of hvo compressed and two urv 
compressed spring expanding assemblies re- 
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spectively which are connected by the flexible 
spring alignment and compression resistance es- 
sembly of F16.7; 

FI6.10 Is a side-view of a flexible spring align- 
msnl and compression resistance assembly and 5 
shows the ratalning bar rigidly attached to one of 
the spring expanding assemblies; 
FIG.1 1 Is a longitudinal cross-sectional view of a 
tubular carrier shown with a dOator head at the 
distal (upstream) end; '0 
F1G.12 is a iongitudinai cross-sectional view of a 
"muzzle loading* apparatus; 
F1G.13 is a longitudinal cross-sectional view of 
the proximal (downstream) end of the introducer 
sheath; 

FI6.14 Is a iongitudinai cross-sectional view of 
the aorta and liac arteries and shows a dilator 
head, introducer sheath, tubular carrier, artariot- 
omy, and central control means; 
F16.15 is a longitudinal cross-sectional view of 20 
the aorta and Biac arteries and shows a graft Im- 
planted in the aorta on either side of an aneur- 
ysm; 

FIGS. 16 and 17 are longitudinal cross-sectional 
views of an aperhired tubular carrier showing 25 
mooring loops and central control means; 
FIG.1 8 is a longitudinal cross-sectional view of an 
ailernathfa means of graft attachment; 
FIG. 1 9 Is a longltudmal cross-sectional view of an 
occlusive umbreOa; 30 
FIG.20 is a longitudinal cross-sectional view of 
the aorta and the iliac arteries showing the use 
of a graft in conjunction w'lt h an ocdush^e umbrel- 
la and a femoro-femorel graft; 
BG^I depicts a segment of a self-expanding ds 
stent: 

FIG.22 depicts a bifurcated graft; 

FtG^3 depicts a carrier of an embodiment; 

nGS.24 and 25 depict alternative embodimenis 

of a sheath with a tapered cranial external sur- 40 

face: 

FIGS^e and 27 depict e carrier of another em> 
bodinrtent 

FIGJZ8 depicts hibular extensions sutured to a 
grafi of an emimdiment: 45 
FIGJS9 depicts an alternative mechanism for at- 
taching the tubular extensions to a graft; 
Fi6.30 depicts a single loop of suture material for 
applying traction to a caudal limb; - 
FtG.31 depicts attachment to multiple points on a 50 
caudal limb; 

FIGS.32 and 33 depict catheter aide ports for al- 
lowing traction to be applied at multiple points; 
FIG.34 depicts tension bansmitted through a 
short suture; ^ 
FIGS.35 and 36 depict a caudal limb control cath- 
eter of the caudal limb control system; 
FIG.37 depicts a suhjre endrcltng a catheter of 



the contralateral lumen access guidance system; 
FIG. 36 depicts access to the ipsHateral Ifamb lu- 
men by an Insertion del'ivery wire; 
FIG. 39 depicts a distal stent insertion device of 
the present invention; 

FIG. 40 depicts a contratateral limb straightening 
device; 

FIG. 41 depicts an alternative limb straightening 
device; 

FIG. 42 is a sectioned view of e twist-praventing, 
double lumen cathetet; 

FIG. 43 depicts a partially sectioned view of a 
transluminal arrangement of, the piesant Inven- 
tion for positioning a prosthesis assembly at a 
particular position in a bifurcated lumen; 
FIG. 44 depicts a partially sectioned side view of 
ipsHateral (Imb spring assembly of the prosthesis 
assembly and stent boot of the transluminal ar- 
rangement of FIG. 43; 

FIG. 45 depicts a partially sectioned side view of 
contralateral spring assembly of the prosthesis 
assembly and control limb delivery catheter of 
FIG. 43; 

FIG. 46 depicts a partially sectioned side view of 
contralateral stent boot temporarily attached to 
control limb delivery catheter of FIG. 45; 
FIG. 47 depicts a prosthesis assembly of the 
present Invention positioned in the bifurcated lu- 
men of the aorta and common HIac arteries ex* 
tending therefrom; and 

FIGs. 48 and 49 depict the method of deploying 
a cross femoral wire guide behween femoral ac- 
cess sites positioned on opposite sides of the 
groin. 

The graft 1 shown in FIG. 1 is In the form of an 
elongated cylindrical tube defining a longihjdinal bore 
that is multiply crimped 3, or folded over to facilitate 
the compression and expansion of the graft as the di- 
ameter 5 of the graft decreases and increases. Trans- 
verse elasticity may also be achieved or enhanced 
through inherent properties of either the weave or 
constituent fibers used to consb^uct the graft 1. The 
graft 1 is preferably constructed from a material such 
as woven mullifSamerU polyester (such as Dacron^, 
wNch is Icnown to be sufficiently biologlcany inert, 
non-triodegradable» and durable to permit safe Inser- 
tion Inside the human t>ody. Any material with such 
qualities may be used, however. Polyester is also 
known to excite fibrous ingrowth which wOl secure t he 
graft 1 to the wall of the lumen within a few months 
of its insertion. 

The typical graft 1 is of fixed length and relatively 
inelastic along its longihidinal axis. A variable length 
graft mey elso be used aiul could be constructed by 
either having two pieces of graft, one inserted within 
the other in a telescopic arrangement, capable of be- 
ing manipulated within the body, or having one con- 
tinuous piece of material that is folded back on itself. 
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A spring within this area of the graft ensures appose 
tion of the various layers at this level; the outer layers 
having a slightly smaller maximum diameter to pro- 
vide s buttress against which the spring can expand 
In the absence of a secure arterial wall. Variability of 5 
length may also be achieved by providing elasticity 
along the longitudinal axis of the graft as a property 
of graft material or by having one or more elastic sec- 
tions of such material within the main body of the 
giaft to 

The spring assembly 6 of FIG. 2 includes arms 15 
which are bent to form elbows 7. Surgical barbs 10 
having sharp tips 13 are attached to the arms 15 and 
protrude from the elbows 7. FIG. 3 Is a lop cross* 
sectional view of the spring assembly 6 of FIG. 2 tak- f 5 
en along A-A showing sb etbowa 7 and associated 
barbs 10. FIG. 4 is a top cross-sectional view of the 
spring assembly 6 taken along showing tweh^e 
arms 15 which extend from the sU elbows 7 shown 
in FlGs. 2 and 3. A spring assembly 6 is typically 20 
formed from a continuous piece of fine gauge stain- 
less steel spring wire that, if opened out would ap- 
pear in the shape of a zig-zag with multiple elbows 7. 
FIG. 5 shows that these elbows 7 may be sin^e ar- 
ches 7. recurved arches 42, or apertured 60. The ad- 25 
vantage of simple arches 7is that the spring assem- 
bly 6 expands the tongltudinal aperture of the graft 1 
more evenly. The advantage of the recurved arches 
42 is that they collapse more readfly and are more 
durable. The apertured elbows 60 are used In the 90 
flexible spring alignment and compression resistance 
assembly. The two ends of the piece of beni wire are 
permanently attached end-to-er>d so as to form a ciir- 
cutar structure, e.g., FlGs, 2, 3 and 4. FIG. 6 shows 
a portion of the spring assembly 6 wit h a bart 1 0 at* 35 
tached to an arm 15 of the spring assembly 6. The 
spring essemUy 6 is sutured to the graft 1 with a non- 
biodegradable thread 36. The spring assembly 6 may 
also l>e consb'ucted out of other inert metals such as 
titanium, or a plastic. When expanded, the spring as- 4o 
sembly 6 is circular in shape when viewed from 
above, and may have a diameter, when in a relaxed 
state, equal to approxinrtatety twice the diameter of a 
lumen into which the graft 1 is to be inserted. The 
spring assembly 6 Is typlcaSy attached to the inside 4S 
of the cylindrical graft 1 at the distal (upsbeam) end 
or both ends of the graft 1 by sutures 36 of non-bio- 
degradable material. T he sutures 36 attach to the 
spring assembly 6 In such a wa y tnat the mejority of 
the s pring assembly 8 is covered by the graft materi al 50 
1. other embodimen t* inmrpnmtn gplnp 
semblies 6 being attached to the outside of the tubu- 
lar gralt i which would Dr ft<;pnt n grr^ ^ther surface to 
the f towing Mood but hw«i tho rirawharfc \\\f^\ the oraft 
1 would be firm Sp""*'**'' '"'^"♦"-'^ 55 

lumen. ^ 

"The spring assembly 6 on the distal (upstream) 
end d the graft 1 has small surgical barbs 10 firmly 



attached to the spring assembly 6. The spring assenv 
bly 6 at the proximal (downstream) end of the graft 
may also be provided with barbs. The attachment, of 
the bart>3 10 to the graft or spring assembly 6 ntust 
be permanent and can be either welded, brazed, or 
coupled in a fashton that is both biologically accept- 
able, end yet strong enough to withstand long-term 
stress. These barbs 10 spread radially outward from 
the longitudinal axis of the graft l.such that when the 
spring assembly 6 opens Inside the lumen, ttie barb 
tips 13 wtD come into contact with and engage the wall 
of the blood vessel to be rapalred. The barb tips 13 
wtU become imbedded in the wall thnxigh both the 
driving action of ttie spring assemt>ty 6 and the pres- 
sure created by the flow of blood through the graft 1. 
The barb tips 13 are sharp and may be curved slightly 
downward toward the graft 1 to provida a mora secure 
anchor bi the diivction of blood flow. The barbs 10 are 
positioned so that they are further upstream than the 
elbows 7 of the distal (upstream) spring assembly 12, 
and are of such a size that the v^al) of the blood vassal 
is not punctured or pieroed when the barb tips 13 are 
firmly embedded therein. Attaching the barbs 10 to 
the spring assembly 6 via ishaf ts bonded to the spring 
assembly 6 at the irUddle of one of the two arms 15 
extending from an elbow 7 of the spring assembly 6 
permits the barb tip 13 to slightly retract or rotate 
when compressed for loading into the introducer 
sheath 4 (as best seen In FIG. 6). 

Though the spring 8ssemt)ly 6 is typically sutured 
only to the ends of the graft 1 . several such spring as- 
semblies 6 may also be connectad to on e another for 
added strengtn. This is necessary in embodtrhentec? 
me prosinesB max require the graf t to resist com-" 
pfBssion during removal from the inbxx!ucer 4. Some 
fiexibflity Is retained by conrtecting the spring assem- 
blias 6 to each other in a way that permits separation 
(but not overlapping or misalignment) of adjacent 
spring elbows 60. Fig. 7 ilKisbcites such a flexible 
spring alignment and compression resistance assem- 
bly 49 and shows a first spring arm 50 and a second 
spring arm 52 connected via a retaining bar 54. The 
retaining bar 54 is constructed of fine gauge wire with 
a protrusion 56 at each end. FIG. 8 shows a noodif ied 
elbow 60 and includes an aperhjre 58 provided to re- 
ceh^e the retaining bar 54. The retaining bar 54 slides 
through apertures 58 provided in the modified elbows 
60 of adjacent arms 50 and 52. The rigidity of the re- 
taining bar 54 prevents overlapping during compres- 
sive loading of the prosthesis, while the protrusions 
56 prevent disassodation of the joints during flexion 
of the graft which might otherwise disrupt the chain 
of springs 50 and 52. The shaft 62 of the retaining bar 
54 has a diameter slightly smaller than aperture 58 
and the protrusion 56 has a diameter slightly larger 

than (ha apertura 58. The slidably mountad retaining 
bars 54 allow arms 52 and 54 to separate but prevent 
arms 52 and 54 from sliding over one another. 
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It is desirabie that the joint between the spring as- 
semblies 6 i>e flexible during the Introduction end rel* 
ativety rigid once the graft has been implanted. As 
shown in FIGs. &-Aand &>B, the Joint is more flexible 
when the spring assemblies 64 and 66 are oonv 5 
prsseed (ub„ during insertion) and relativety rigid 
when the spring assembSes 64 and 66 ars in an un- 
compressed state (La., after implantation). FIGs. 9-A 
and 9-8 show a first spring assembly 64 connected to 
a second spring assembly 66 by a flexible spring io 
alignment and oomprasslon resistance assembly 49. 
FIG. &-A shows the spring assemblies 64 and 66 in a 
compressed state and na 9-B shows the spring as- 
semblies 64 and 66 bi an uncompiBSsed state. Angta 
o represents the maximum angle between spring as- is 
semblles 64 and 66 when the springs are in a com- 
pressed state and angle p represents the maximum 
angle between spring assemblies 64 end 66 when the 
springs are In an uncompressed stata Thus, the an- 
gle between spring assemblies 64 and 66 decreases 20 
with an inaeasa In the transversa diameter of spring 
assemblies 64 and 66. The angle of flexion wiN be 
largest when spring expanding assemblies 64 and 66 
are In a compressed state (dlan>eter di) and the angle 
of flexion will be smaQest when spring expanding as- 25 
semblles 64 and 66 are in an uncompressed state (di- 
ameter d^). Thus, taecauseo is larger than p, the pros- 
thesis becomes ntore rigid as its diameter increases. 
During Insertion, the graft 1 is confined wit Nn the Irh 
troducer sheath 4 and remains both narrow and flex- 30 
ibie. After removal from the sheatti 4 the graft 1 ex- 
pands becoming mors rigid. 

The retaining bar 54 may also be r>on-slidably at- 
tached at one (but not both) of its ends to one of the 
spring expanding assemblies 51 as shown in FIG. 10. 35 

FIG. 11 shows a tubular carrier 21 which has a di- 
lator head 22 mounted at the distal (upstream) end. 
The dilator head 22 may have a distal (upstream) con- 
ical portion 75 arxi a proximal (downstream) cylindri- 
cal portion 74. The dilator head 22 may have a soft 40 
tipped guide-wire 68 prob'udlng from its distal (up- 
stream) end. The cylindrical portion 74 of the dilator 
22 has a diameter d equal to the Internal diameter of 
the introducer sheat 4. 

FIG. 12 shov^ the assembled 'muzzle loading* 45 
apparatus and Includes a tubular carrier 21 with a di- 
lator head 22 at the distal (upstream) end; dilator head 
lip 27; introducer sheath 4; graft 1 which is slid onto 
the tubular carrier 21 ; distal (upstream) spring assem- 
bly 12; proximal (downstream) spring assembly 31: so 
central control means 26 which Is Inserted into the 
tubular carrier 21; distal (upstream) end 8 of the graft 
1: proximal (downsbeam) 9 end of the graft 1; and 
non-biodegradable sutures 36 that permanently at- 
tach (he spring assemblies 12 and 31 to the graft 1. 55 
If the outer diameter of the bJbular carrier 21 is equal 
to the Internal diameter of the Inb^ducer sheath 4. 
leakage of blood between the two is minimal. Alterna- 



tively, the inboduoer sheath 4 riiay be dosed at Its 
proximal (downsb-eam) er^ by a small rubber seal 70 
as shown In FIG. 13 which has an aperture 72 for re- 
ceiving the carrier 21. 

'Muzzle loading* involves Inserting the graft 1, 
already counted on the hjbular carrier 21 , into the dis- 
tal (upsb'eam) end of the Inboducer sheath 4 before 
insertion of the introducer sheath 4 into the lumen. 
'Breech loeding* invokes inserting the graft 1 into 
the introducer sheath 4 from the proximal (down- 
stream) end of the sheath 4, after the introducer 
sheath 4 has been Inserted into the patient and is in 
position. 

*Muzzle loading* has two main advantages that 
make It the preferred means of operation. The first 
advantage of Imuzzle loading" over 'breech loading* 
is the lower probatriiity of hemorrhage. In the *breech 
loacfing* technique, the dilator 22 must be removed 
before the graft 1 can be inserted, leaving the Intro- 
ducer sheath 4 as a large conduit between the arterial 
circulation and the outs'xJe of the body. Any effective 
seal in the introducer sheath 4 wO obsb-uct insertion 
of the graft 1 unless thb Is carried within a second 
sheath (with the consequent Increase In size). The 
only other way to conb'ol the hemorrhage is to damp 
the introducer sheath 4 on the outskSe, however, 
damping is unlikely to be totally ocdusive and may 
damage the Infroducer sheath 4. Moreover, the 
damp must be rerrwved to allow passage of the graft 
1 which produces another period of rapid hemor- 
rhage. 

The second advantage of "muzzle loading* over 
"breed) toadlng* Is that if a single sheath 4 is to be 
used in the 'breech loading* technique, the graft 1 
must be placed within the introducer 4 at the time of 
operation. This can be a tricky procedure, espedally 
when the outer end of the Introducer aheath 4 is is- 
suing a continual stream of blood. 

RG. 14 shows the conrunon femoral artery 10; 
proximal (downstream) e>rrd 19 of the inboducer 
sheath 4; hjbular carrier 21: liac artery 34; aorta 2; 
aortic aneurism 20; dilator head 22; and cenb^ con- 
bd nrteans 26. FIG. 15 shows the graft 1 implanted In 
the aorta 2 at the site of the aortic aneurysm 20. 

In the 'muzzle loading* technlque.the graft 1 is In- 
serted into the distal (upsb-eam) end of the introducer 
sheath 4. The Introducer sheath 4 is thin waited, 
smooth, flexible, sterlizable, non-toxic, and is tubular 
in form. The tubular carrier 21 fits inside the introduc- 
er sheath 4. A dose match between the sizes of the 
sheath 4 and carrier 21 helps to eliminate any buck- 
ling of the tubular carrier 21 within t he sheath 4 while 
simultaneously limiting the seepage of blood between 
the carrier 21 and the sheath 4. The tubular carrier 
21 has a dOalor 22 attadied to the distal (upstream) 
end which has a conical tip 75 to fadlitate the atrau- 
matic passage of the apparahis from the groin Into 
the upper end of the aneurysm. The dilator 22 is also 
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provided with a cylindrical portion 74 on its proximal 
(downstream) end which mates with the introducer 
sheath 4. 

The introducer sheath 4 fits over the cylindrical 
portion 74 of the dilator head 2Z A tiny lip 27 at the 
junction t>etween cylindrical portion 74 and conical 
portion 75 of the dQator head 22 overlaps the end of 
the introducer sheath 4 so that no edges are present- 
ed to the arterial lumen (or the thrombus that lines 
the aneurysm) during inboduction of the apparatus. 
This reduces the trauma to vessels and minimizes the 
chance of dislodging a piece of thromtxjs ttiat could, 
emboiiza into the Udn^ or lower limbs. 

The central control means 26 may take the form 
of a catheter which extends the entire length of the 
carrier to the tip of the dOator head 22 so that its lu- 
men can be used for the injection of angiographic dye 
or as a means of threading the apparatus over a pre- 
viously placed guide wire. Alternatively, the central 
control means 26 may pass aD the way through the 
daalor head 22 and slide bade and forth «^hin the 
carrier 4 so that it may hinction as a guide wire itself. 
This has been found to be usehil In the technique of 
percutaneous insertioa 

In the *t)reech loading' device, the introducer 
sheath 4 is a tubular structure having a unifornvdianv- 
eter and is made of the same material as the "muzde 
loading* introducer sheath 4. With this design, the 
tubular carrier 21 does not have a dSator 22 because 
the introducer sheath 4 can be carried into position 
around a standard dilator, which would then be re» 
moved before insertion of the tubular carrier 21 with 
the graft 1. 

RG. 16 shows the tubular carrier 21; mooring 
loops 39; central control wire 15; and apertures 29. 
29^, 101, and 101' In the waD of tubular carrier 21. 

RG. 17 shows the tutnilar carrier 21; mooring 
loops 39 and 39*; apertures 29, 29*, 101 and 101' in 
the wall of the tubdar carrier 21; and central control 
thread 25. 

All 'nnuzzle loading' (and some 'breech loading") 
devices use a centml control means 26 that runs up 
the center of the tubular carrier 21 , to which the graft 
6 may be moored, and which is used for maintaining 
the axial position of the graft 1 during removal of the 
introducer sheath 4. This central oonb'ol means 26 
can take one of several forms, including a flexible 
shaft 115 (such as a stainless steel wire or a narrow 
catheter) (as shown in FIG. 16) or a simple thread 25 
(as shown In FIG. 1 7) thai passes up the center of the 
tubular carrier 21. through the mooring loops 39 end 
39^, and then doubles back through the center of the 
lubular carrier 21 to its point of origin outside the pa- 
tient in the absence of mooring loops 39 and 39'. this 
thread 25 can exit en aperture (29. 29*. 101 and 101«), 
pass through an elbow 7 of the spring assembly 6. tra- 
verse the apertures to the opposite elbow 7 of the 
spring assembly 6 (which It also encircles), pass back 



into the lumen of the carrier 21 through an aperture 
(29. 29*. 101. and 101') and thereby return to the 
proximal end of the catheter 21 . Release of the moor- 
ing loops 39 and 39* is accomplished by withdrawing 
5 the central control shaft 115 f^om the tubular carrier 
21 or by releasing one end of the central control 
thread 25. whteh is then removed from the tubular 
carrier 21. If each end of the graft 1 is desired to be 
controlled and positioned Independently of the other, 
10 the central control shaft 115 can be partially with- 
drawn to a point in between the two sets of mooring 
loops 39 and 39*. If the central control nneans 26 is a 
central control thread 25 (instead of a flexible shaft 
115). multiple threads 25 can be used, one for each 
15 set of mooring loops 39 and 39^. 

. Because K has no dDator head, the carrier of the 
'breech loading* devtee need not traverse the graft 1 
to the distal (upstream) end of the Introducer sheath 
4. Instead, It can end at the graft 1 which would be 
20 pushed rather than pulled from the eheath 4. No at- 
tachment to the graft 1 would then be needed, but the 
graft 1 would have to be more rigid and placement 
would be less precisely controlied. 

The 'muzzle loading* method wOl now be descri- 
25 bed. To assemble Ih e apparatus prior to insertion, the 
central control means 26 Is inserted through the en- 
tire length of the tubular carrier 21. which, in turn, is 
inserted through the entire length of the introducer 
sheath 4. Wtth the end of the tubular carrier 21 and 
30 central control means 26 protruding past the top of 
the introducer sheath 4. the graft 1 is slid over the di- 
lator head 22 and down the outside of the hjbutar car- 
rier 21 until positioned directly below the tapered di- 
lator heed 22 of the hibular carrier 21. As shown In 
35 FIG. 16, the distal (upstream) end of the graft 1 is 
then moored around the central control means 26 
with a mooring loop 39 that engages the spring as- 
sembly 6. or b sutured to the graft 1. The mooring 
loop 39 enters the tubular carrier 21 via the aperture 
40 29 and 29' end forms a mooring loop 39 which engag- 
es the cenbcd control means 26 so that the mooring 
loops 39 cannot exit the carrier 21 whPe the control 
means 26 occupies the longitudinal opening of the 
tubular carrier 21. These mooring loops 39 wilt remain 
45 attached to the graft 1 or springs 6 after placement of 
the graft 1. The mooring loops 39 are preferably made 
of a monofilament material of low thromt>ogenidty 
that in soma applications may be biodegradable. 
When the central control means 26 is withdrawn. 
50 mooring loops 39 are free to exit the hjbular carrier 
21. The proximal (dovmstream) end of the graft 1 can 
also be secured in the same manner through a sec- 
ond set of mooring loops 39^ passing through a sec- 
ond set of apertures 101 and 101' in the tubuler car- 
55 rter 21 . thereby fadlttating independent positioning of 
the two ends of the graft 1. Once the graft 1 is conv 
pressed, the introducer sheath 4 is slid over the hjb- 
ular carrier 21 and the edge of the introducer sheath 
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4 is fitted snugly against the lip 27 of the dQator head 
22. The barbs 10 on the distal (upstream) spring as- 
sembly 12 are oompletBly covered by the introducer 
sheath 4. The apparatus 'a now ready for insertion. 

FIG. 18 is a longitudinal cross-sectional view of s 
an alternative embodiment of the carrier catheter that 
employs a different form of central control means and 
shows cantaevered hooks 100. outer carrier 102, low- 
er catheter 104. and dBator head 22, In this embodk 
ment, a pair of concentric catheters Is bonded at the io 
distal (upstrevnlend such that when the inner cath- 
eter 104 is pulled In the proximal (downstream) direo- 
tion from outside the body, the outer catheter 102 
bulges ouL The graft 1 is held in position on the outer 
catheter 102 by means of cantilevered hoolcs 100 at* is 
tached to the outer surface of the outer catheter 10Z 
These hoolcs 100 engage the spring assembly 6 of 
the graft 1 during insertion and prevent the graft 1 
from changing ito axial position whDe the Introducer 
sheath 4 is withdrawn. The graft 1 is released from 20 
the hooks 100 when the outer catheter 102 is wUh- 
dmwTL 

These methods of securing the graft to the car- 
rier for select h^e release are required because the 
outward expansion of the graft againat the sheath 25 
generates eonsideraUa Hdlon that must be over- 
come in order to extrude the graft Without such a 
mechanlsn\ the graft would move with the sheath 
and would be Impreclsety extruded. In order to mini- 
mize the forces involved in extrusion, the sheath is jo 
consbucted of a material (such as Teflon^ which has 
a low friction surface or is coated wit h a lubricous ma- 
terial (such as hydragel polymer). 

The insertion procedure may be a surgical proce- 
dure or may be accomplished peroutaneously using a 35 
guide wire. In the surgical approach, fx example, the 
femoral artery 30 b exposed through a short groin irv 
cision. Heparin Is administered intravenously, hemo- 
static damps or bands are applied, and the femoral 
artery 30 is opened. The complete apparatus is in> 40 
serted into the open femoral artery 30, and is pushed 
through the femoral 30 and Oiac 34 arteries Into the 
aorta 2. The graft 1 is positioned so as to cover the 
entire length of the aortic aneurysm 20. Positioning 
is confirmed through fluoroscopy and angiography. 4S 
Once the posttioreng has been confirmed, the intro- 
ducer sheath 4 is pulled back exposing the distal (up- 
stream) barbed spring assembly 12 and part of the 
length of the graft 1. The springs expand driving the 
barb tips 13 into the waQ of the aorta 2. Once the en- so 
tire graft 1 is out of the introducer sheath 4 the central 
control means 26 is withdrawn. As the central control 
means 26 is withdrawn past the point where the graft 
1 is moored to the central control means 20 via the 
mooring loops 39, the mooring loops 39 will pass over 55 
the end of the central control means 26 and be free 
to pass through the apertures 29 and 29* In the hjb- 
ular carrier 21. Blood flow in the aorta 2 aids in open- 



ing up the multiply crimped middle portion of the graft 
1. Placement is performed in two stages. First, the Irv 
b^ucer sheath 4 is withdrawn to expose the distal 
(upstream) 8 half of the graft 1 which expands and at- 
taches to the wall of the aorta 2. The central control 
means 26 is then withdrawn to a point behveen lha 
holes 29 and 29^ and 101 and 101' in the tubular car- 
rier 21 , leaving only the proximal (downsb-eam) 9 end 
of the graft 1 attached to the carrier 21. The proximal 
(downstream) 9 end of the graft 1 can then be pos^ 
tinned independently of the distal (upsbBam) 6 end of 
the graft 1 . The introducer sheath 4 to then withdrawn 
over the prtxxlmal (downstream) spring assembly 31. 
When the proximal (dowrtstream) 9 end of tha graft 1 
is exposed It also expands under the action of tha 
spring assembly 31, driving the barbs 10 (wtten pre&- 
enl) into the wall of the aorta Z Tha central control 
means 26 can then be withdrawn past the point 
where the cenbal control means 26 engages the sec- 
ond set of mooring loops 39*. thereby releasing the 
graft 1 completely. After the proximal (dO¥vnsbream) 
spring assembly 31 has been released* the tubular 
carrier 21. central oontrol means 26. and introducer 
sheath 4 are removed from the patient's t>ody. The fe- 
moral artery 30 Is then repaired and the wound 
closed. 

Aortic aneurysms frequently encompass the er>- 
tire distal aorta. In these cases, thera Is no normal 
aorta between the aneurysm and the iliac arteries. In 
order to provide a secure arterial wall for tha attach- 
ntent of the proximal (downsfream) end of the graft, 
the graft may be placed f^om the infrarenal aorta» 
above the aneurysm, into the Biac artery on the skJa 
of insertton. Such an applicatton also requires con- 
ventional femoro-femoral arterial bypass to restoro 
continuity of the eiroulation to the contralateral limb 
and the insertion of an ocdush^e umttrella to prevent 
rebt}grade flow through the contralateral common 
Qiac artery into the aneurysm. FIG. 19 is a longitude 
nal cross-sectional view of an occlusive umbrella OOr- 
The graft-fi2 is open proximally, tnjt dosed distally, 
forming an inverted picket 86. which is capped by a 
blunt tip dSator 90. A bart>ed 92 spring assembly 88 
expands the open end of the graft 82. An umbrella 
catheter 110 having a longitudinal bore Is attached to 
the inside of the dilator 90 and extends through the 
cenb-al axis of the umbrella 80. A pusher catheter gs 
is abutted against the umbrella catheter 110 so that 
the longitudinal openings 111 end 1l!2 are in aligrv 
ment. A central pusher wire 93 Is inserted through the 
longitudinal opening 112 of the pusher catheter 95 
and through the longitudinal opening 111 of the uno- 
breOa catheter 110 untS the central pusher wire 93 
rests against the blunt tip dOator 90. 

FIG. 20 shows an aneurysm 20 that extends from 
the aorta 2 to an iliac artery 34. The graft 1 is inserted 
so that it forms a conduit from the aorta 2 to tha Iliac 
artery 34. A conventbnal femoio-femoral bypass 



15 



EP0 539 237 A1 



18 



graft 94 is used to convey blood from the side receiV' 
Ing the entire aortic blood flow through the proximal 
end of the graft to the other limb. The ocdush^e unv 
breOa 80 prevents arterial blood (which enters the 
iliac artery 34 via the femoro-femoral bypass 94) from 5 
'backing up* into the area behween the graft 1 and the 
aneurysm 20. 

Prior to insertion, the ocduslve umbrella 80 is 
squeezed Into the distal (upstream) end of introducer 
sheath 4. unta the introducer sheath 4 engages the to 
blunt tip daator 90 and the umbrella catheter 110 
meets the pusher catheter 95. The umbrella Stheter . 
110 and the pusher catheter 95 are kept in ar^nment 
by the central pusher wire 93 inserted through longi- 
tudinal openings 111 and 112. The apparatus is Intro- is 
duced Into the femoral artery 30 through a longitudi- 
nal arterbtomy and advanced Into the common Siac 
artery 34. The pusher 95 passes through the lumen 
of a flexible, thin walled, introducer sheath 4. The oc- 
clusrve umbrella 80 is extruded from the introducer 20 
Shaath 4 by applying force to the pusher 95 and cerh 
tral pusher wire 93 whDe pulling on the introducer 
sheath 4. Once the springs 88 and hoots 92 are out 
of the confines of the Introducer sheath 4 they ex- 
pand onto the arterial wall securing the umbrella 80. 25 
The pusher catheter 95. pusher wire 93. and Introduc- 
er sheath 4 are then withdrawn from the femoral ar- 
tery 30 through the arleriotomy. The arteriotonriy is 
then anastomosed to the distal end of the femoro-fe- 
moral bypass 94. 30 

When a 'txeech loading" introducer sheath Is 
used, the sheath must first be inserted (over a dilator) 
through the femoral artery to the proximal end of the 
aneurysm. This can be done percutaneously or via an 
arleriotomy In the isolated femoral artery. The dilator 35 
is then removed, the sheath damped, and the graft 
inserted. The graft is forced down the introducer 
sheath by a control catheter, wire or rod, which may 
traverse the lumen of the graft and attach the distal 
end of the graft to the control device or may end blunt- 40 
ty at the lower end of the graft The latter requires that 
the graft be sufficiently rigid to withstand the com- 
pression necessary to overcome the considerable 
frictfon between the sheath and the grafL 

Hereinafter desaibed is a bifurcated endovascu- 4S 
lar. graft 150 and the method of insertion thereof for 
repair of abdominal aortic aneurysm. Bifurcated graft 
insertion system 160 comprises prosthesis 170 
(graft/stent comblnatton), prosthesis delhrery system 
1 66. distal limb control system 1 90. distal stent inser- 50 
lion device 140. distal limb straightening device 130. 
and twist preventing catheter 120. Many features of 
the introducer system and the prosthesis are to be 
found in the various emt)od(ment8 of the tubular graft 
insertion system. The others are unique to the bifur- 55 

cated grafL 

The prosthesis comprises a graft and one or 
more stents. Stents occupy the lumen of the graft or- 



ifices. Stents expand the graft and f be it in position. 

All stents are preferably of the self-expanding 
(Gianturco) type of which a segment 201 Is depicted 
in FIG. 21. A complete loop of wta b bent back and 
forth to fbrm a aown or wheel with racurved points 
202 behveen straight limtra 203. The length and num- 
ber of limbs vary depending on the mateiials. the size 
of the vessel to be grafted, and the size constraints 
of the introducer system. However, the resting (non- 
deformed) diameter of a stent always exceeds the di- 
ameter of the vessels to k>e grafted. Cranial stents are 
attached to the graft Bends, protrusions or other sur- 
face irregularities on the stants are used as a point of 
attachment 204. Protrusions may take the form of 
catheters or wbBS. which may be gtued, soldered, or 
bmzed to the stent All cranial stents bear baibs 205. 
These sharp metal baft>3 project outward from the 
surface of the stent The barb points caudaOy. cranial 
ly. or in both directions. They are soldered, brazed or 
glued to a stent at any point The number of barbs is 
variable. Caudal stents ara used with end without 
barbs. 

Depicted In FIG. 22 is bifurcated graft 206 having 
a cranial orifice 207 and at least two caudal orifices 
208 and 209. The graft resembles trousers. The graft 
includes a main body 250 and caudal limbs 210 and 
213 extending therefrom. Main body 250 includes 
main bore 251 extending longitudinally therein and 
having cranial orifice 207. Caudal limb 210 Includes 
bore 252 exiendirtg longitudinaOy therein, communi- 
cating with main bore 251, and having caudal orifice 
209. Caudal limb 213 indudos bore 253 extending 
longitudinally therein, communicating with rrtain bora 
251. and having caudal orifice 208. 

Grafts are knitted or woven in one piece from a 
durable yarn such as polyester. There are no seams. 
An element of elastcrty may be incorporated as a 
property of the fabric or by subsequent treatments 
such as crimping. The dimensions of the graft vary 
according to the dimensions of the infra>renal aorta 
and the common iliac arteries. In each patient a graft 
win be selected that has diameters that exceed those 
of the recipient vessels. 

In the majority of cases it is important to preserve 
blood flow through the internal iliac arteries. There- 
fore, most grafts win be of such a length that caudal 
ortfices 208 and 209 lie in the common aiac arteries. 
An alternative embodirr)ent uses grafts that extend 
through the entire common and external Dlac arteries 
to exit the arterial free via the femoral arteries. The 
caudal limb of such a graft may be perforated or con- 
structed of very porous material to permit continued 
perfusion of the internal iltac artery by leakage. 

Gontralaleral graft limb 210 on the side opposite 
to the side of insertion is marked with radio-opaque 

lines or imageable fnarkers 211 and 212. These lines 

are woven Into the doth of the graft or applied after 
weaving. The lines may be continuous or Interrupted. 
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These lines or markers need be only innageabie with 
any commercially avaDable medical imaging equip* 
ment such as x-rays. CT, MRI, or the like. The radk>- 
opaque line b a fine wire or chain of inerl metal. Al- 
temath^ely. the line Is inoorpoiated Into an inert paint 
or piastta The ipsDateral graft Gmb 213 needa only at 
least hvo radio-opaque markers 214 and 215 at ceu- 
dal orifk» 208. 

Prosthesis delivery system 180 comprises cei>- 
tral carrier 216 and co-axiat Introducer sheath 217. 
The introducer sheath has e constant diaoieter and 
wall thickness. The bilernal dlanteter of the sheath 
corresponds to the external diameter of the central 
carrier along two regions. One region is located cau- 
dally at carrier shaft 218. and the other region Is k>> 
Gated craniaDy at carrier head 219. In between these 
hvo regbns is much narrower carrier stem region 220. 

The inboducer sheath is a lhii»-walled, large-bore 
catheter made of flexible, inert plastic with a low 
coefficient of IHctkm. The wall of the sheath incorpor- 
ates mechanisms to resist kinking (such as an Internal 
wrap of metal wire). The sheath is of constant dbm- 
etar and wall thickness, except at cranial orifice 223 
where external surface 221 of the sheath tapers to 
meet outer surface 222 of carrier head 219 in a 
smooth transition as depicted in the preferred and O- 
ternathre embodinrkonts of RGs. 24 and 25. Caudal 
end 224 of the sheath as depkrted in FIO. 26 indudes 
a hemostatic seal 225. which engages outer surface 
226 of the carrier shaft 218. The seal incorporates a 
weli-known lock 227 to grip the carrier shaft 226 tight- 
ly during introduction and prevent premature expos- 
ure of prosthesis 226. The length of the sheath de- 
pends on the length of the central carrier. The sheath 
must cover the entire carrier stem and overlap por- 
tions of the carrier head and the carrier shaft 

As depicted in RGs. 26 and 27. central carrier 
216 includes inner catheter 229 and a co-axial outer 
catheter 230. The inner catheter is of constant diam- 
eter and waU thkdcness. Caudal end 231 of the inner 
catheter has an injection port 232. Outer catheter 230 
has e more complicated construction. Internal lumen 

2 33 matches the outer diameter of inner catheter 229. 
but the outer diameter of the outer catheter varies. 
Distally, the outer diameter corresponds to the inner 
diameter of the introducer sheat as depicted in the 
emt)odiment of FIG. 24. This segnnent of the outer 
catheter is carrier head 219. Another small dilation 

234 as depicted in FIG. 25 is Immediately distal to the 
end of introduce/ sheath 217. to further enhance the 
smooth transition from carrier head 219 to sheath 
217. 

The internal diameter of the introducer sheath 
about the caudal end thereof also matches the exter- 
na! diameter of the caudal segment of carrier shaft 
218. The narrower segment of the central carrier be- 
bAfeen carrier head 2 1 9 and carrier shaft 21 6 Is carrier 
stem 220. During insertkm, prosthesis 226 and its as> 



soclated catheter systems are compressed into the 
space between introducer sheath 217 and carrier 
stem 220. 

As depicted In FIG. 23. two pairs of holes 235 and 
5 236 traverse the outer catheter of the carrier stem, 
one pair at each end of prosthesis 22& As depicted 
in FIG. 27, smaO loops of suture 237 and 238 wind 
around inner catheter 229 at this point, entering and 
exiting the lumen of outer catheter 230 through the 
10 holes. These sutures, as well as suture loops 239 and 
240. also beverse some part of prosthesis 228. there- 
by attaching both ends of the prosthesis to the central 
carrier. Loops 237-240 (and the' prosthesis) are re- 
leased by removal of inner catheter 229. it is hnpor- 
15 tant that the two loops of each set do ru>t cross, other- 
wise the resulting linkage will prevent release from 
the central carrier despite removal of the inner cath- 
eter. 

As depicted in FIG. 26. caudal end 241 of Inner 
20 and outer catheters 229 and 230 has a short flexible 
extenston (with dimensions and structure similar to 
carrier stem 220). Both inner and outer catheters 
have injection ports 232 and 242. respectively, et the 
caudal end of this extension. The injection ports may 
25 be k)cked together with wel^known lock 243 to pre- 
vent premature removal of the inner catheter. 

As depicted in FIG. 23. cranial end 244 of the car- 
rier shaft (or the caudal end of carrier stem 220) in- 
dudes annulargroove 245 for attachment of the cath- 
30 eters and sutures. 

The diameter of carrier head 219 and shaft 218 
are determined by the diameter of introducer sheath 
217. whk:h in turn is dictated by the voiunr>e of the 
prosthesis. The minimum length of the carrier stem 
35 is t he distance from the proximal end of the aneurysm 
to the skin of the groin. The maximum length of the 
carrier shaft is the length of the introducer sheath 
(whrch must exceed the length of the carrier stem). 
Therefore, central carrier 21 6 is at least twice as long 
40 as the Biac artery and aneurysm combined. 

The mechanisms of caudal limb control will now 
be described. All caudal limb conbt>l mechanisms ex- 
tend from caudal ends of limbs 210 and 213 of graft 
206 to the level of the skin. Caudal limb control mech- 
45 anisms take the form of detachable hjbular exten- 
sions 246 and 247 of the graft as depicted In FIGs 26 
and 29, or. alternathfely. combinations of catheters 
and/or sutures as depicted in FIGs. 32-35. Both 
mechanisms must be amenable to controlled release 
so from the graft by manipulations of the caudal end 
thereof which extends outside the body. 

As depicted in FIG. 28. tubular extensions 246 
and 247 are suhjred to the respecth^e caudal ends of 
limbs 213 and 210 of graft 206 by chain stitches 246 
5 and 249. which unravel when cut. These chain stitch- 
es are anchored by respective locking stitches 250 
and 251. An alternath/e mechanism depicted in FIG. 
29 involves loops of suhjre 252 and 253 that pass 
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along the wall of respective tubular extensions 246 
and 247 to the conjunction with graft 20S. 

Atlernath^ely. as depleted in FIQ. 30. a single loop 
of suture material 254 is used as the primary means 
of applying traction to one point on the enciof the cau- s 
del limb 210. Attachment to multiple poinb on the end 
of caudal lift 210 is depicted In FIG. 31 . When the one 
side of caudal Irmb control suture 254 is cut traction 
on the other skJe pults the end of the suture through 
the graft and out of the body. Enclosing the suhire tn io 
catheter 255 reduces the chances of Inadvertent tan- 
gling. Side ports 256 on catheter 255 In FIG. 32 and 
multiple side ports 257 and 258 on catheter 255 in 
Fia 33 allow bactlon to be applied to more then one 
point on the graft without necessarily approximating is 
t he wall of limb 21 0. Knot 259 ensures t hat suture 254 
comes out wKh catheter 255 when the ends are freed 
by dividing txith sides of the loop. Catheter/suture 
combinations can also serve more than one function, 
because the tension is only transmitted through so 
shortest suture 260 as depicted In f)G. 34. Traction 
on catheter 255 does not lighten suture 261 until su> 
ture 260 is cut 

However, the two functions of limb control aixJ 
guided access to the graft lumen can only be per- 2S 
formed simuttaneousty if they are performed by sep- 
arate catheters. FIG. 35 depicts caudal limb control 
catheter 255 of contralateFBl Ibnb 210. Caudal limb 
control system 262 indudes catheter 255 and suture 
263. 30 

As depicted in FIG. 36, guided access to the cau- 
dal lumen of contralateral limb 210 is provided by a 
catheter 264 which Is moored to the central carder in 
the same manner as loops 237 and 238 on the pros- 
thesis. Contralateral lumen access guidance system 35 
265 becomes tense and inflexible when traction is ap- 
plied to its outer end. When tense, it functions es a 
guide wire within the lumen of the stent insertion de- 
vice 140 as depicted in FIG. 39. Contralateral limb ac- 
cess guidance system 265 is released from central 40 
carrier 216 when inner catheter 229 Is removed. 
Mooring loop 266 is attached to the end of the cath- 
eter or passes through its lumen to the caudal end 
(where a cannot prevents suture retraction). Sutures 
that are tied through side holes 267 in the catheter 45 
have a tendency to pull out when tension is applied 
unless the suture also enclrdes part of the catheter 
to distribute traction more evenly as depicted in FIG. 
37. 

As depicted In FIG. 38, access to the lumen of the so 
ipsOaterat limb 213 is gutdsd by the same wire that Is 
used for angiography and for insertion of the delivery 
system. If tTBCtion is to be maintained during irrser tion 
of a stent on the IpsBeterel side, a caudal limb control 
cat heter 254 is also requirsd on ipsilateral distal limb 55 
213. 

The orientation of the contralateral limb (and as- 
sociated catheters) to the carrier must be constant 



because any hwists are subsequently reproduced in 
the relath^e orientation of the two distal limbs. As an 
additional precaution, the location of contralateral 
limb 210 is marlced on the outside of the delhrery Sys- 
tem. 

Catheters may l>e made of any plastic that is flex- 
ible yet strong enough to hold sutures wHh extreme 
thin-walled construction. All sutures should be strong 
yet fine enough to pass through small catheters. They 
should also have a low coefficient of friction, to ery- 
hance removal at the end of the procedure. Many 
monof Han^ent and coated multifOament suhjres satis- 
fy these criteria. Catheters must be long enough to be 
accessible at the groin when the contralateral limb 
has been pulled Into positionL 

Depicted in FIG. 39 is caudal stent Insertion de- 
vice 140 Inchjding stent pusher 271 and outer sheath 
268. The basic structure and function of the caudal 
stent insertion device Is similar to prosthesis delivery 
system 180. 

Caudal stent insertion device introducer sheath 
268 is of constant diameter and wall thickness, except 
at cranial orifice 269 where the external surface of 
the sheath tapers to meet the surface of pusher head 
270 in a smooth transaion. The sheath is made of 
f lexOile, inert plastic with a low coefficient of friction. 
The wall of the sheath may incorporate mechanisms 
to resist kinking (such as an internal wrap of n^etal 
wire). At the cranial end of stent pusher 271 is pusher 
head 270, which has an external diameter that match- 
es the internal diameter of the introducer sheath. 
Pusher shaft 272 also matches the dlanrteter of the irv 
troducer sheath. Between the two Is e narrow pusher 
stem 273, which passes through the center of caudal 
stent 275. 

Depicted In FIG. 40 is contralateral limb straight- 
ening device 130 for orientir>g the positksn of oontraK 
ateral limb 210 of graft 206. Translocation of the con- 
b'alateral limb of the bifurcated graft can produce 
twists. Straightening devtee 130 is advanced over the 
distal limb control system onto the end of the distal 
limb and rotated to rarrwye twists. The contralateral 
limb sb'aightening device is a cat hater or small gauge 
dilator with a fish-mouth split at cranial end 274. The 
terminal split occupies a plane that also contains the 
long axis of the devica When tractton is applied to su- 
ture 254 of the oonb^ateral distal limb control sys- 
tem, the suture is pulled into the catheter approximat- 
ing the two walls of the graft The flattened contralat- 
eral limb then slides into the slot of the advancing 
straightaning device. Torskm oiy the device is b-ans- 
mitted to the end of the graft to straighten any twists. 

Depicted in FIG. 41 is an allernath^e limb straight- 
ening device 131 designed primarily for use with the 
system of tubular graft extensions 246 and 247. The 
alternative device is a dilator with a soft rounded tip 
and a bulbous dSatk^n 132 at cranial end 133. The di- 
latetion is pushed into a narrowing of the tobular ex- 
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tension, which is maintained under tension by traction 
on the caudal end. The tight fit enables torsional for- 
ces to be (ransmittad to the graft through Wctbn at 
the surface of the dilatation. In the absence of the 
tubular graft extensions, the elterruth^e limb straight- 
ening device is advanced over contralateral lumen ao* 
cess guidance system 265. The dilatation then en- 
gages the inner aspect of the distal limb orifice 209. 
Alternatively, the dilalation may lake the form of a 
balloon, which is inflated inside caudal limb 210. 
WhatBver form the straighten er takes, it must be long 
enough to reach the end of the caudal limb from the 
femoral arteriotomy. The diameter Is variable, de- 
pending on the mechanism of graft atlachmenL The 
device must be flexible, yet resist deformatbn when 
torsional stresses are applied to the caudal end. 

Depicted in FIG. 42 Is a sectioned view twist- 
pnaventing. double lumen catheter 120. This soft, 
flexible catheter has hvo lumens 121 and 122. One is 
occupied by the cross femoral catheter, whOe the 
other is occupied by the angiographic catheter (or 
wire). Cranial end 123 is slightly tapered for ease of 
insertion. The catheter resists torsion so that the rel- 
ative orientation of the two lumer^s Is n^aintained. The 
twist-preventing, double lumen catheter is inserted to 
the point where the two catheters diverge, one pass- 
ing through the aneurysm to the proximal aorta, the 
other crossing to the oppos&e Qiac artery. 

The method for inserting the prosthesis and use 
of the insertion instruments is hereinafter descrit>ed. 
Patients are selected for this procedure on the basis 
of radiographic imaging ( Including angiography) and 
general physical condaion. 

The patient is placed in the supine position on a 
radiolucenl operating table. Access to the arterial tree 
may be obtained by surgical isolation of the femoral 
vessels in the groin. Alternatively, the insertion may 
be performed through large Introducer sheaths 
placed, by percutaneous techniques. In the open 
technique, silastic bands around the common femoral 
arteries provide proximal hemostasis. while non- 
crushing clamps provide distal hemostasis. Most pa- 
tients will be anticoagulated with heparin prior to the 
interruption of the circuletkm to the legs. 

Insertion is guided by fluoroscopy. When aval- . 
able, digital subtraction processing enhances fluoro- 
scopic images and Is used to record angiograms. An- 
other useful feature of digital subtraction imaging 
equipment is the ^oadnrtapping* function, which con^ 
bine real time fluoroscopic images with static angio- 
grams. The composite Image facilitates guidance of 
the apparatus through the vascular tree. 

An initial angiogram is performed to provide the 
reference points that guide Insertion. Angiography 
will frequently have been performed as part of the se- 
lection procedure, in which case measurements de- 
termining graft size and form will already have been 
taken. After initial angiography the catheter is re- 



moved, leaving the gukie wire in place. 

A wire, suture, catheter or tape is passed fnm 
one femoral artef7 to the other. In one nnethod, a Dor- 
mier basket is passed up the Ipsilateral femoral artery 
5 and opened over the contralateral Diac artery orif ce. 
A catheter or guide wire is threaded up the opposite 
femoral artery through the wires of the Dormier bas- 
ket, which Is then closed and withdrawn. The proce- 
dure is swift end relatively atraumatic especially If a 
10 very soft, flexible catheter is used. An alternath^e 
method involves fluoroscopically guided manipula- 
tion of the curved tip of a catheter/guide vifire system 
from one iliac artery Into the olher. 

Care must be taken to avoid winding the angle- 
rs gmphk: catheter around the cross femoral system. 
This may be accomplished by inserting the angio- 
graphic catheter (or wire) through one lumen of a dou- 
ble lumen, twist-preventing catheter 120, while the 
other lumen is occupied by the cross femoral system 
20 (or vice versa). 

The Introducer system is threaded over the same 
guide wre that occupied the lumen of the angk>- 
graphSc catheter. Ruorosoopic vIsuaKzation is rela- 
tively easy because all components of the apparatus 
25 (except the fabric of the graft) are ladio-opaque. The 
position of the prosthesis Is controlled during extru- 
sion by manlpulatfon of the central carrier. When the 
introducer sheath is withdrawn, the stents expand, 
opening the graft and fbcing it in posHkm. Further 
30 withdrawal of the introducer sheath 217 exposes the 
caudal limb control mechanisms and their attachment 
to central carrier 216. The caudal limb control mech- 
anisms, such as suture loops 237 and 238 or other 
catheters, suhjres, or tubular graft extensions, are al> 
3S (ached to the cross femoral system (catheter, suture, 
tape or guide wire) using sutures, tape or dips. Trao* 
tion on the cross femoral system (at the contralateiat 
groin) pulls the contralateral limb 210 into the contral- 
ateral Biac artery. 
40 The contralateral limb 210 is sonrtetimes twisted 
after b^nslocation lo the contralateral iliac artery. 
Twisting is revealed by the fluoroscopic appearance 
of the radio-opaque lines 211 and 212. The contralat- 
eral lirrtf) control mechanism such as suture loops 237 
.45 and 238 is used to apply traction to other contralateral 
limb 210 and pud it onto the advancing contralateral 
limb straightening device 1 30 or 131. Straightening is 
gukled by the fluoroscopic appearance and the char- 
acter of the ferrxiral arterial pulse and blood flow. 
so Stents are occasionally required to prevent retro- 
grade leakage of blood around the caudal limbs 210 
and 211 back into the aneurysm. The distal stent in- 
sertion device may be passed through the lumen of 
a tubular graft extension 247. Alternatively, the stent 
55 insertion device is passed over e guide wire or over 
contralateral lumen access guidance system 265. 
Whichever method is used, it Is usually necessary to 
maintain traction onihe caudal limbs using the caudal 
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limb control mechanism. Insertion of the ipsBateial 
stent cannot be performed untO the delivery system 
has been removed. 

ItiB prosthesis 226 is released from the central 
carrier 216 by renrwval of the Inner catheter 229. It Is 5 
important to replace the inner catheter and advance 
the guide wire through the central lumen before ro> 
nDovIng the delhfery system, because the wire is 
needed to guide the stent Insertion device Into the lu- 
men of the ipsOateral caudal limb 213. After stent in- 10 
sertion the wire is needed again to guide inser tion of 
a catheter for completbn angiography. If angiograph- 
ic appearances are sattsfoctory, the catheters are re- 
moved, the arteries repaired, and the wounds dosed. 

Depicted In FIG. 43 Is tansluminal arrangement 1$ 
350 for positioning prosthesis assembly 228 at a par- 
ticular position In a bifurcated lumen. As depicted In 
FIQs. 46 and 49. bifurcated lumen 284 is located in 
aorta 2 with common 8iac arteries 34 and 35 extend- 
ing distalV therefrom. Aortic aneurysm 20 is located 20 
just proximal the common Biac arteries 34 and 35. 
Aortic lumen 285 forms the main lunven. whereas 
common iliac lumens 286 and 267 communicating 
with the main lumen form the bre/Kh lumens. 

Prosthesis assembly 228 depicted in FIG. 43 In- 25 
dudes bifurcated endovascular graft 206. main spring 
assembly 301, and limb spring assemblies 302 and 
303 (not shown) positioned In respective stent boots 
300 and 305. Main spring assembly 301. as weU as 
prosthesis assembly 226. Is contained in main con- 30 
lainer sheath 217 which Is, for example, a polytetra- 
riuoroethylene tube. Bihircated endovascular graft 
206 includes main body 250 with ipsilateral limb 213 
and contralateral limb 210 extending therefrom and 
partiafly over the tops of respective stent boots 304 35 
and 305. 

As previously described with respect to FIG. 22, 
main body 250 includes main bora 251 extending 
longitudinally therein with cranial orifice 207. Contral- 
ateral limbbore 252 and Ipsilateral Kmb bore 253 com- ^40 
municale wTlh main bore 251 and extend longlhjdtn- 
afly through respective contralateral limb 210 and ip- 
silateral limb 213. Contralateral limb 210 has caudal 
orifice 209, whereas IpsBaieral limb 213 has caudal 
orifice 208. Main spring assembly 301 is positioned 49 
through aanial orifice 207 and Into bore 251 of the 
main body for radially expanding the main body of the 
graft to substantially conform the main body of the 
graft on the interior waO of main lumen 265. Main 
spring assembly 301 expands from its compressed 50 
state, as shown in FIG. 43. when the prosthesis as- 
sembly Is positioned in the bifurcated lumen and re- 
leased from container sheath 217. 

Transluminal arrangement 350 includes outer 
sheath 217 for containing main spring essembly 301 95 

in a compressed state, stent boot sheath 304 for corv 
taining Ipsilateral spring assemly in a compressed 
slate; stent boot sheath 305 for containing contralai- 
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eral spring assembly is a compressed stale; and main 
retainer assembly 351 positioned in the main and Ip- 
sBataral bores of the graft for retaining prosthesis as- 
sembly 226 In the bifurcated lumen whOe the outer 
sheath is withdrawn from the prosthesis asssembly 
releasing the main spring assembly from ite com- 
pressed stote. 

Similar to previously described central carrier 
216. main retainer assembly comprises elongated 
member 352 having dilator head 353 at the distal end 
thereof. The dBator head serves lofecflltate penetra- 
tion of the transluminal arrer^ement within the biftifw 
cated lumen and minimizes deleterious blood flow 
during poslUonIng of the transluminal arrangement 
Elongated member 352 also includes an Intormediata 
carrier stem regton Including outer catheter 318. hol- 
low connector sleeve 354 with lateral apertures 355 
and 356 formed therein, and inner catheter 319 ex- 
tending longitudinally through the elongated member 
inckiding the outer catheter and connector sleeve. 
Connector sleeve 354 interconnects segmente of out- 
er catheter 31 8 end facflitatosas to permit attachment 
of sutores 357 and 356 to inner catheter 319 through 
respective apertures 355 and 356. One end of attach- 
ment sutures 357 and 358 are tied around the outer 
surface of outer catheter 318. whereas other end of 
the sutures are tied around the outer surface of inner 
catheter 319 through the connector sleeve aper- 
tures. Attachment sutures 357 and 358 are looped 
through the opposite sides of main spring assembly 
301 for retaining the prosthesis assembly in the bifur- 
cated lumen while outer sheath 217 Is vWthdraw from 
the prosthesis assembly releasing the main spring 
assembly from its oompressed stela. The outer 
sheath Includes tongitudinal bore 359 bi which the 
prosthesis assembly is positioned during Insertion of 
the essembly into the btfUrcated kmnen. Attachment 
sutores 357 and 358 for a contraction assembly for 
temporarily puffing main spring assembly 301 to a 
compressed stote when prosthesis assembly 228 is 
positioned within nnain outer sheath 217. The distal 
end of the outer sheeth to positioned next to the prox- 
imal end of dilator head 353 tofacBHate easy insertton 
of the transluminal arrangement Into the bifurcated 
lumen. 

Etongated member 352 also includes a carrier 
shaft region 360 similar to carrier shaft region 21 6 of 
which annular recess 309 is formed therein. 

FIG. 44 deplete a parttaUy sectioned side view of 
ipslateral limb spring assembly 102 in a compressed 
stoto. The spring assembly is attached to the inside 
of ipsilateral limb 213 via sutures 315and 316 and is 
contoined in stent boot sheath 304. When the pros- 
thesis assembly is properly positioned about aneur- 
ysm 20, Ipsilateral spring assefnbly 302 is released 
from Ite compressed state to radially expand limb 213 
and substantially conform the limb to the interior wall 
of common iliac artery 34. Stent boot sheath 304 
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forms a container (or containing ipsBateral spring as- 
sembly 302 in a compressed state. Suture 314 is tem- 
porarily attached to ipsBateral spring assenibly 302 for 
relain^g the spring assembly in the stent t>oot sheath 
during positioning of the prosthesis assembly in the 5 
bifurcated hJmen. Suhire 314 forma a release mech- 
anism for releasing the ipsilaterai spring assembly 
when the prosthesis assembly Is poslioned in the b(- 
furcated lumen and. in particular, when Ipsnateral limb 
213 is properly positioned in common iliac artery 34. io 
After auture 314 is detached from the ipsilateral 
spring assembly, stent boot 304 is withdrawn from the 
spring assembly, releasing it from its compressed 
stats. When released from its compressed state, ipsi- 
lateral spring assembly 302 radially expands graft is 
limb 213 to substantially conform the limb on an In- 
terior wall of Oiac artery lumen 286. 

Stent boot 304 is a tubular container such as a 
sheath or short piece of polytetrafluoro ethylene tube 
for containing ipsilateral spring assennt>}y 302 therein 20 
in a conipressed state. IpsHateral spring assembly 
302 is attached along its midsection to contralateral 
graft limb 213 inside limb bore 253 with sutures 315 
and 316. Attachment sutures 315 and 316 are placed 
crerually from caudal orifice 208 to allow the caudal 25 
end of the graft Dmb to extend over the top of stent 
boot 304. Attachment sutures 314 and 317 are tenv 
porarily attached to ipsilateral spring assembly 302 for 
retaining the spring assembly In stent boot 304. One 
end of attachment sutures 314 and 317 are tied 30 
around outer catheter 318 of the transluminal posi- 
tioning arrangement, whereas the other end of the 
sutures are tied around Inner catheter 319 through 
apertures 320 and 321 of connector sleeve 322. The 
inner catheter of the positioning arrar)gement forms 35 
part of a release mechanism that is iemporarfly at- 
tached to the ipsilateral spring assembly for reieesing 
attachment sutures 314 and 317. Attachment sutures 
314 and 317 and inner catheter 319 form a retainer 
mechanism for retaining ipsilateral spring assembly 40 
302 in stent boot 304. Connector sleeve 322 is a short 
length of tubing having apertures 320 and 31 9 formed 
laterally therethrough. The connector sleeve has an 
inner diameter epproximating the outer diameter of 
outer catheter 318. Outer catheter 318 is cut and in- 45 
serted into the opposite ends of the connector sleeve 
and bonded thereto using, for example, medical 
grade adhesive, inner catheter 319 passes through 
the passageway of the connector sleeve and outer 
cat heter for retaining attachment sutures through the so 
lateral apertures in the sleeve. 

FIG. 45 depicts a parllally sectioned side view of 
contralateral spring assembly 304» attached to the if>- 
side of contralateral lift 210, and contained in stent 
boot 305. IJmb control catheter 255 is attached prox- 55 
imaily to stent boot 305 and hae suture 254 extending 
longitudinally through catheter lumen 306. Suture 
254 is temporarily attached Io contralateral spring as- 



sembly for retaining the spring assembly in the stent 
boot during positioning of the prosthesis essenobly in 
the bifurcated lumen. Suture 254 forms a release 
mechanism for releasing the oontralataral aprlDg as- 
sembly when the prosthesis assembly Is positioned 
in the bifurcated lumen and. In particular, when oon- 
tralataral limb 21 0 is positioned in common llac artery 
35. After suture 254 is detached from the contralateral 
spring assembly, stent boot 305 is withdrawn from the 
spring assembly, releasing It ftom its compressed 
state. When released from Its cgsDpressed state, corv- 
Iralatera] spring assembly 303 radially expands limb 
210 to substantially conform the limb on an interior 
wall of Biac artery lumen 287. Limb control catheter 
255 Is a cormnerdally avaSable copolymer tube to 
which stent boot 305 Is integrally formed or attached 
thereto, for example, using medical grade adhesive. 
Stent boot 305 Is a hjbular container such as a short 
piece of polytetrafluoroethylene tube for containing 
conb^ateral spring assembly 303 therein In a com- 
pressed state. Contralateral spring assembly 303 is 
attached along its midsection to conb^lateral graft 
limb 210 Inside limb bora 255 with sutures 307 and 
308. Attachment sutures 307 and 308 are placed ora- 
nially from caudal oriftce 209 to allow the caudal end 
of the graft limb to extend over the top of stent boot 
305. Conbalateral spring assembly 303 can indude 
one or bore barbs for digging into the vessel wall and 
more securely anchoring the prosthesis assemly. 
However, the contralateral spring assemt>ly can t>e 
used with or without these barbs. Retainer suture 254 
is temporarily attached to carrier shaft annular recess 
309 via suture 31 0. 

FIG. 46 depicts a partially sectioned side view of 
stent boot 305 attached to control iimb delivery cath- 
eter 255 which is positioned in longitudinal lumen 31 1 
of conb-alateral limb straightening device 130. A plur- 
ality of longitudinal splines 312 is formed in the prox- 
imal end of stent boot 305 to match a corresponding 
plurality of splines 313 positioned around the distal 
end of stFaightening device lumen 311. The maUng 
splines engage each other to rotate the stent boot and 
contralateral limb for proper positioning within the 
common iliac artery. Markera are positioned in the 
graft limb for radiographic imaging. 

FIG. 47 depicts prosthesis assembly 228 posi- 
tioned in btfurcated hjmen 284 of aorta 2 and comnnon 
Oiac arteries 34 and 35. Main spring assembly 301 
has been released from Its compressed state and ra- 
dially expanded main body 250 of the graft to sub- 
stantially conform the main body of the graft on the 
Interior wall of main lumen 285 of the aorta. SlmOarly, 
tpsilaleral spring assembly 302 has been released 
from Us compressed state and elongated member 352 
and radially expanded ipsilateral \mb 213 of the graft 
to substantially conform the ipsSateral limb on an irv 
lerior waO of lumen 286 of common Biac artery 34. 
Contralateral spring assembly 303 has been released 
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from its compressed state and radiaRy expanded con- 
tralatefBl limb 210 to aubstantially conform the con- 
tralaterai limb of the graft on an Interior wall of lumen 
287 of common Blac artery 35. Control limb delivery 
catheter 255 and stent boot 305 have been %vlthdrawn s 
from the contralateral spring assembly allowing it to 
expand the contrataterel limb of the graft 

The method of positioning the prosthesis assem- 
bly et the partlcutar position In bihjrcated himen 284 
tndudes providing first and second access sites 283 lo 
and 361 to branch lumens 266 and 287 in respective 
common 3tac arteries 34 end 35 In a well-loKiwn man- 
ner. As previously described with respect to FIGs. 48 
and 49. the guide b provided between ecoess sltas 
283 and 361 via the branch lumens. Transluminal ar* is 
rangement 350 including retainer assembly 351. eIon> 
gated member 352« and prosthesis assembty 228 at- 
tached IheiBtD are positioned wfthln the bifurcated li>- 
men. Outer sleeve 21 7 is withdrawn from the prosthe- 
sis assembly, and contrd limb delivery catheter 255 so 
guides the contralateral limb of the graft into branch 
lumen 287 of iliac artery 35. The attachment sutures 
are released from the main. ipsOateral and oonlralat- 
eral spring assemlies positioning the prosthesis in 
the bifurcated lumea Stent boots 304 end 305 are re- 25 
moved from their respecthfe spring assemblies during 
withdrawal of retainer assembly 352 and control limb 
delivery catheter 255. 

The transluminal arrangement for positioning a 
prosthesis assembly et e particular position in a bifur- so 
Gated lumen and the method of placement has been 
illustrated end described in the drawing and the fore- 
going description, the same is to be considered illus- 
tratrve and not resbictive in character. It is to be uiv 
derstood thet only the preferred embodimenl has 35 
been shown and that all changes and modifications 
that come wit hin the scope of t he claims are to be pro- 
tected. In particular, stent boots 304 end 305 have 
been referred to as containers or sheaths and are typ- 
ically formed from a thin polytetrafluoroethylene tube 40 
of material. The stent boote are either aff bted to the 
outer catheter of the retainer assembly or slidable 
thereoa Similarly, stent boot 304 is attached using, 
for example, medical grade adhesive, are slidable at 
the end of the control delivery catheter. Outer sheath 45 
217 is also a container or sheath of. for example, a 
semi-rigid polytetrafluoroethylene material for corv 
taining the prosthesis assembly therein. The spring 
assemblies are of the Gianturco Z-stent type as pre- 
vbusiy described with or without barbs for more se- so 
curely aff bung the prosthesis assembly lo the wall of 
the bifurcated lumen. Any type of redialty expanding 
spring assembly or stent is contemplated whether the 
spring essembly or stent Is automatically expanded 
when relaased from a container or expanded with a 55 

dilalof balloon and thaliko. 
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Claims 

1. An arrangement for translumenally positioning a 
prosthesis assembly (1.12.31) of predetermined 
shape and size at a particular position on an iiv 
ternal wall (20) of a lumen, said assembly corrv 
prising a graft (1) associated with a spring ar- 
rangement (1 2,31). said arrangement comprising 
an outer sheath (4) for surrounding the said as- 
sembly when the latter is located at the said par- 
ticular position, and means (36.21.26) for retairv 
ing the said assembly at the said particular pos- 
ition whilst the outer sheath is being removed, 
characterised In that the retaining means has 
connected thereto an attachment arrangemerU 
(36) to be temporardy attached to the said assem- 
bly at one or more positions rennote from the prox- 
imal end of the said assembly. 

2. An errangement according to daim 1. character- 
ised In that the retaining means comprises an 
elongated member (21) bo be exlerMJed within the 
said assembly, and in that the attachment ar- 
rangement is extended between the said elongat- 
ed member and the said assembly at the said one 
or more positions. 

3. An arrangement eccording to daim 2. character- 
ised in that the elongated member is hjbular and 
has a dilator head (22) at the distal end thereof* 
said head serving to facOitate penetration of the 
arrangement within the lumen, and to minimize 
deleterious blood flow through the lumen during 
the positioning of the assembly. 

4. An arrangement according to dabn 3. character- 
ised in that a contraction arrangement (36.21) ia 
provided to temporarBy pun the said assembly in- 
wardly to a compressed condition whHst the as- 
sembly is within the sheath, and in that a dis- 
abling arrangement (26) is provided for expand- 
ably releasing the said assemtily either during or 
after removal of the sheath. 

5. An arrangement according to daim 4. character- 
ised in that the contraction and disabling ar- 
rangements form part of the said attachment ar- 
rangement, and in that part of the contraction and 
disabling arrangements are located and control- 
led from within the elongated hjbular member. 

6. An arrangement eccording to daim 5. character- 
ised in that the attachment arrangement compris- 
es one or more connectors eech in the form of su- 
tures (36) connected et one end to the said as- 
sembly and at Ihe other end to inside of the elon- 
gated tube via apertures (29,101) and in that the 
disabling arrangement (26) is provided for releae- 
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main tumen. said prosthesis assembly induding 
a bifurcated endovascular graft tiaving a main 
body and a first and a second limb extending 
therefrom, said main body induding a main bore 
5 extending longitudinally therein and having a cra- 
nial orifica. said first limb induding a first bore ex- 
tending longitudinally therein, oommunlcating 
with said main bore, and having a first caudal or* 
ifice, said second limb induding a second boie 
fo extending longitudinally therein, oonvnunicating 
with said main bore and having a second caudal 
orifice, said assembly Induding a main spring as- 
sembly and a first spring assembly each having 
a compressed stale, said main spring assembly 
15 radiaDy expanding said main body of said graft to 
substantially conform said main body of said 
graft on an Intarfor wall of the main lumen when 
said prosthesis assemtdy is positioned at a par- 
ticular positton in the bifurcated lumen and said 
20 main spring assembly is released from said com- 
pressed state, said first spring assembly radiaDy 
expanding said first Ismb of said graft to substan- 
tially conform said first limb of said graft on an in- 
terior wall of the first branch lumen when said 
25 prosthesa assembly is positioned at the particu- 
lar posAion in the bifurcated lumen and said first 
spring assembly Is released from said com- 
pressed state, said transluminai arrangement 
comprising: 

30 main container means for containing said 

main spring assembly in said compressed state; 

first container means for containing said 
first spring assembly in said compressed state; 
retairter means positioned in said main 
35 and f ifst bores of said graft for retaining said pros- 
thesis assembly at the particular position in the 
bifurcated lumen whOe main container means Is 
withdrawn from said prasthesis essembly releas- 
ing said main spring assembly from said com- 
40 pressed state. 



ing the sutures from inside the elongated tube. 

7. An arrangement according to any one preceding 
daim, in which the lumen for receiving the graft 
is bHurcated, characterised in that the graft has 
a common section (250) and two bifurcated sec- 
tions (213.210) shaped and sized to conform to 
the respectivB parts of the bifurcated lumen. In 
that the said spring arrangement is associated 
with the common section of the graft and one bl- 
furcat^sedion (21 3). and in that another spring 
arrangentent Is designed to be translumenally 
positioned within the said other Infurcated seo' 
lion (210). 

6. An arrangement according to dabn 7. ctiaracter- 
ised In that one or more Identification markers 
(211.212) are pnoWded on at least the said other 
bifurcated graft section. 

9. An arrangement according to dalm 7 or 8. char- 
acterised in that the said other bifuicated graft 
section is provided with an arrangement whereby 
the said other section can be translumenally 
drawn into position within the respective lumen 
part 

10. An arrangement ecoording to any one preceding 
daim. characterised In that the or each spring or 
graft assembly comprises at least bartn (13) at 
the distal end of the assembly. 

11. An arrangement accordir>g to any one of daims 
1 to 6, charaderised in that one end of the graft 
is sealed (80) to preventflowof blood through the 

lumen. 

1Z A prosthesis for translumenally repeiring en 
aneurysm, charaderised by a bifurcated endo- 
vascular graft (206) having a main body (250) and 
first and second limbs (21 3.210) extending there- 
from, said main body induding a main bore ex- 
tending longitudinally therein and having a cra- 
nial orifice (207). said first limb induding a first 
bors (253) extending longitudinally t herein. conr>- 45 
municating with said main bore, and having a first 
caudal orifice (208). said second limb (210) In- 
duding a second bon (252) extending longitudin- 
ally therein, communicating with said main bore, 
and having a second caudal orifice (209): and Im- so 
ageable marker means (211.212) extending 
along at least said first limb. 

1 3. A b-ansluminat arrangment for positioning a pros- 
thesis assembly at a particular position in a bifur- S5 . 
cated lumen, the bifurcated lumen Induding a 
main lumen and a first and a second branch lu- 
men communicating with and extending from the 



14. A trensluminal arrangement for positioning a 
prosthesis assembly at a partkrular position In a 
bifurcated lumen, the bifurcated lumen Induding 
a main lumen and first and a second branch lu- 
men communicating with and extending from the 
main lumen, said prosthesis assembly induding 
a bifurcated endovascular graft having a nraln 
body and a first and a second limb extending 
therefrom, said main body induding a main t>ore 
extending tongitudinally therein and having a cra- 
nial orifice, said first limb induding a first t>ore ex- 
tending longitudinally therein, communicating 
with said main bore, and having a first caudal or- 
ifice, said second limb induding a second bore 
extending longitudinally therein, comnnunicaling 
with said main bore and having a second caudal 
orifice, said assembly induding a main spring as- 
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semNy. a first spring assembly, and a second b 
spring aasembty each having a compressed • 
state, said main spring assembly isdlally axpand> 
ing said main body of said graft to substantiaOy 
conform said main body of said graft on a interior s 
wan of tha main lumen when said prosthesis as- 
sembly l8 positioned at a particular position In tha 
trifurcated hmten and said main spring assembly 
is released from said compressedistata, said firet 
spring assembly radlalfy axpandinjo said first limb 10 
of-eaid graft to substarUiaily conform said first 
timb of said graft on an Interior wal of the f rrst 
branch lumen when said prosthesis assembly Is 
positioned at the particular posltbn in the bifur- 
cate d lumen and said first spring assembly is re- is 
leased from said compressed staie. said second 
spring assembly radially expandiiig said second 
limb of said graft to substantially conform said 
second limb of said graft on an Interior wall of the 
second tmnch lumen when said Iprosthesis as* 20 
S6na>ly Is posBloned at a particulal' position in the 
bifurcated lumen and said seoondl spring asserr>- 
bly is released from said compresbed state, said 
transluminal arrangement comprising: 

main container means for ^tatning said 25 
main spring assembly Ins aid conrjpressed stake; 

first container mear>s for (Containing said 
first spring assembly in said oompressed state: 

second container means ifor containing 
said second spring assembly in said compressed 30 
state: 

main ret^ner means positioned in said 
main and first bores of said graft for retaining said 
prosthesis assembly at the particular position in 
the bihjrcated lumen whOe said main container 35 
means Is withdrawn from said pro^hesis assem- 
bly releasing said main spring assejmbly from said 
compressed state: 

first retainer means temporarily attached 
to said first spring assembly for retainer said first 40 
spring assembly in said first coritainer means; 
and 

second retainer means temporarily attach- 
ed to said second spring assembly for retaining 
said second spring assembly in said second con- 45 
tainer means. 
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FIG. 10. 
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FIG. 13 
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